Abstract -The dioxolane or dioxane ring of chiral acetals is diastereo selectively cleaved in two types of organometallic reactions. I / Substitution in an SN2 or SN'manner by organocopper reagents associated with BF3. 2 / 0-elimination of an alkenyl organometallic reagent. These reactions provide, in the first case, chiral secondary alcohols (ee>95%) or 0,pdisubstituted carbonyl compounds (ee >90%) whereas in the second case chiral alkoxy-allenes (d.e. > 90%) are obtained.
INTRODUCTION
Cyclic chiral acetals with a C2 axis of symmetry have widely been used recently as chiral auxiliaries in asymmetric synthesis. They may act, by their directive effect, on the differentiation between the si and re face of a proximal prochiral function (ref. I ) , or alternatively they may particTpate in the reaction itself by diastereoselective cleavage of the chiral acetal ring (ref. 2) . The work we report herein (ref.
3 ) belongs to this latter category and is subdivided into two parts corresponding to two different ways of ring cleavage :
I/ Direct nucleophilic attack of the acetal ring by organometallic reagents such as RCu,BF or RLi, which ultimately produce chiral secondary alcohols or p -substituted aldehydes 02 ketones. 2 / p,-Elimination of an adequate organometallic reagent (M=Cu, Li, Mg, Zn) which produces a chiral alkoxy-allene, a usefull and versatile chiron.
SUBSTITUTION REACTIONS
We have shown recently that organocopper and cuprate reagents (RCU and R CuLi) associated with a strong Lewis acid, such as BF3.Et20, are able to cleave the C-6 single bond of activated ethers. Thus poorly reactive epoxides react cleanly and very rapidly with o r a n t i one. T h e r e s u l t s o f t h e r e a c t i o n o f v a r i o u s R CuLi/BF3 w i t h v a r i o u s a c e t a l s a r e shown i n t a b l e 1 .
2 Table 1 R<: <
R2'CuLi/BF3Et20
Et20 E n t r y A c e t a l C u p r a t e Y i e l d M a j o r p r o d u c t d.e. / E n t r y A c e t a l C u p r a t e Y i e l d M a j o r p r o d u c t d.e.
A c e t a l s o f a l i p h a t i c aldehydes and l j ,~-2 , 3 -b u t a n e d i o l ( e n t r i e s 5, 6, 7 ) a f f o r d o n l y one d e t e c t a b l e d i a s t e r e o i s o m e r , whereas t h e same a c e t a l o f benzaldehyde g i v e s two diastereoisomers w i t h a 67% d i a s t e r e o i s o m e r i c excess ( e n t r y 1 ) . As r e p o r t e d by W.S. Johnson ( r e f . 6) and by H. Yarnamoto ( r e f . 7 ) , a much b e t t e r s t e r e o c o n t r o l i s achieved w i t h t h e l e s s f l e x i b l e dioxane system ( e n t r y 2 ) . Even t h e seven membered c y c l i c a c e t a l ( e n t r y 3) i s v e r y d i a s t e r e o s e l e c t i v e . The dioxane a c e t a l w i t h 1,3-butanediol ( e n t r y 4 ) i s c l e a v e d o n l y on t h e non s u b s t i t u t e d s i d e o f t h e molecule ( r e f . 8) ; however t h e d.e. i s lower t h a n t h e one o b t a i n e d w i t h t h e d i s u b s t i t u t e d dioxane ( e n t r y 5). N e v e r t h e l e s s t h e s t e r e o c h e m i s t r y o f t h e o b t a i n e d p r o d u c t c l e a r l y shows t h a t an anti s u b s t i t u t i o n t a k e s place.
The a b s o l u t e c o n f i g u r a t i o n o f t h e newly c r e a t e d asymmetric c e n t e r was determined by an o x i d a t i o n -e l i m i n a t i o n sequence(ref. 
Me aoH H
Such a h i g h d i a s t e r e o c o n t r o l i s b e t t e r accounted by a c o n c e r t e d mechanism r a t h e r t h a n by a c a t i o n i c one ( r e f . 81, even though a s t r o n g Lewis a c i d i s p r e s e n t i n t h e r e a c t i o n medium.
The anti n u c l e o p h i l i c a t t a c k of t h e c u p r a t e r e a g e n t s h o u l d be v e r y f a s t once t h e e l e c t r o p h i l i c a s s i s t a n c e o f BF3 has weakened one o f t h e two C-0 bonds, 2 o r b, o f t h e a c e t a l
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Our stereochemical r e s u l t s which a r e t h e same as those o f W.S. Johnson ( r e f . 2a) and H.
Yamamoto ( r e f . 2b), suggest an a n t i n u c l e o p h i l i c a t t a c k from t h e s i f a c e w i t h concomitant cleavage o f t h e a C-0 bond, t h e o n e w h i c h i s on t h e s i d e o f t h e a x i a l Me group on t h e r i n g .
The p r e f e r e n t i a l cleavage o f t h e a C-0 bond may be a t t r i b u t e d t o t h e 2-4 d i a x i a l i n t e r a c t i o n (H Me) which i s r e l e a s e l when t h e bond i s cleaved as shown i n t h e t r a n s i t i o n s t a t e 1. T h i s i s n o t t h e case when t h e C-0 bond i s broken, t h u s d i s f a v o r i n g t h e t r a n s i t i o n s t a t e 1. ( r e f . 8).
Nu
The s i t e o f complexation o f t h e Lewis a c i d i s a l s o noteworthy ( r e f . 9 ) . The complexation w i t h t h e oxygen n e x t t o t h e a x i a l Me group i s p r e f e r e d f o r s t e r i c as w e l l as f o r e l e c t r o n i c reasons : i n t h i s case t h e a C-0 bond w i l l be shortened due t o t h e anomeric e f f e c t w h i l e i n t r a n s i t i o n s t a t e 1. t h e s h o r t e n i n g o f t h e a C-0 bond i n c r e a s e s t h e s t e r i c 2-4 (H-Me) d i a x i a l i n t e r a c t i o n .
T h i s p r e f e r e n t i a l complexation o f t h e Lewis a c i d on an oxygen n e x t t o an a x i a l Me group can a l s o be s u b s t a n t i a t e d by t h e f a c t t h a t t h e
a c e t a l 3 i s much l e s s r e a c t i v e t h a n t h e d,l
one 4 w i t h RCu,BF3 ( r e f . 1 0 ) .
The o v e r a l l r e s u l t o f t h e above process may be viewed as t h e e n a n t i o s e l e c t i v e a d d i t i o n o f any k i n d o f o r g a n o l i t h i u m reagent with any k i n d o f aldehyde :
Organocopper reagents a s s o c i a t e d w i t h BF3 a r e known t o undergo p r e f e r e n t i a l anti SN' r e a c t i o n w i t h a l l y l i c c h l o r i d e s and o t h e r l e a v i n g groups ( r e f . 11). Thus, t h e r e a c t i o n w i t h a l l y l i c a c e t a l s s h o u l d l e a d t o en01 e t h e r s a c c o r d i n g t o :
RCu,BF3 + a 0 E t O E t R-PJEt Indeed t h i s i s t r u e w i t h " s o f t " organocopper reagents Ar-Cu,BF3 and Vinyl-Cu,BF3 whereas w i t h BuCu,BF3 m i x t u r e o f SNZ' and SN2 p r o d u c t s a r e o b t a i n e d ( r e f . 12). Noteworthy is the fact that only the E enol ether is obtained indicating that the reaction occured in the transofd conformation.
The r e a c t i o n of PhCu,BF w i t h v a r i o u s c h i r a l a c e t a l s ( r e f . 3 c ) o f crotonaldehyde a r e shown i n t a b l e 11. The aceta? o b t a i n e d from R,E-2,3-butanediol i s among t h e b e s t ones and more i m p o r t a n t l y , i t i s t h e l e s s expensive o f a l l t h e o t h e r a u x i l i a r y d i o l s ( i t i s a l s o commercialy a v a i l a b l e ) . The a c e t a t e s o f t h e o b t a i n e d e n o l e t h e r s a r e e a s i l y h y d r o l y s e d t o t h e corresponding a -d i s u b s t i t u t e d aldehydes w i t h recovery o f t h e a u x i l i a r y d i o l . The o v e r a l l process may be viewed as a conjugate a d d i t i o n o f an A r L i t o a s u b s t i t u t e d a , B -e t h y l e n i c aldehyde :
In the case of some functionalised acetals (entries 15, 1 6 ) the stereochemical outcome of the reaction is reversed. Although in these cases the e.e. of the final aldehyde is not very high it is interesting to note the dramatic effect of the chelation factor : d.e. 63%
The r e a c t i o n w i t h k e t a l s i s always r e g i o s e l e c t i v e a f f o r d i n g o n l y t h e SN' adduct whatever t h e organocopper reagent used ( r e f . 17). However, t h e d i a s t e r e o s e l e c t i v i t y i s , now, poor w i t h t h e k e t a l o f cyclohexenone and R,E-2,3-butanediol ( r e f . 3a) :
e . e . 26%
MetCuLi
T h i s poor d i a s t e r e o s e l e c t i v i t y may be due t o t h e f a c t t h a t k e t a l s may adopt two
conformations 1 and 9 whereas a c e t a l s adopt o n l y conformation a and n o t !.Chelation e f f e c t s , however, have a more dralnatic i n f l u e n c e i n t h e case o f k e t a l s , s i n c e o n l y one conformer (9) has an a p p r o p r i a t e geometry t o a l l o w such a c h e l a t i o n ( r e f . 18)
Thus, by c h e l a t i o n , t h e organocopper reagent comes from t h e s i d e o f t h e a x i a l ( o r pseudoaxial) s u b s t i t u e n t , whereas w i t h o u t c h e l a t i o n i t comes from t h e o p p o s i t e s i d e .
The o v c r a l l process i s , here again, a f o r m a l c o n j u g a t e a d d i t i o n o f an o r g a n o l i t h i u m reagent t o an enone, w i t h recovery o f t h e c h i r a l a u x i l i a r y d i o l . I t was r e p o r t e d 'chat e t h y l e n i c a c e t a l s r e a c t w i t h a l k y l l i t h i u m reagents i n an SN' manner, a f f o r d i n g an e n o l e t h e r ( r e f . 1 9 ) . The r e a c t i o n with c h i r a l c y c l i c a c e t a l s f o l l o w s t h e same way ( r e f , 2 0 ) . Crotonaldehyde a c e t a l , w i t h R,E-2,4-pentanediol r e a c t s a t room temperature i n a r e g i o s e l e c t i v e manner b u t n o t i n a d i a s t e r e o s e l e c t i v e one. The s t e r e o c h e m i s t r y o f t h e obtained e n o l e t h e r i s almost e x c l u s i v e l y E. By c o n t r a s t , a dioxolane, t h e a c e t a l w i t h _ _ R,R-2,3-butanediol, g i v e s m a i n l y t h e 2 e n o l e t h e r ( Z : E = 4 . 2 : l ) .
e. e .75%
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A. ALEXAKIS e t a /
The s t e r e o c h e m i s t r y o f t h e e n o l e t h e r i n d i c a t e s t h a t a c i s o i d c o n f o r m a t i o n i s adopted i n t h e t r a n s i t i o n s t a t e , w h i l e t h e f i n a l c o n f i g u r a t i o n (2) shows t h a t t h e n u c l e o p h i l e e n t e r e d from t h e s i d e o f t h e p s e u d o a x i a l
Me group on t h e r i n g :
ELIMINATION REACTIONS
We have shown some y e a r s ago t h a t l i t h i u m d i o r g a n o c u p r a t e reagents add a c r o s s t h e t r i p l e bond o f p r o p a r g y l i c a c e t a l s t o a f f o r d a s t a b l e and r e a c t i v e a l k e n y l c u p r a t e i n t e r m e d i a t e ( r e f . 21). However, i f t h e r e a c t i o n temperature i s s u f f i c i e n t l y h i g h ( We have shown i n t h e f i r s t p a r t t h a t , i n c y c l i c c h i r a l a c e t a l s , t h e a C-0 bond which i s nearby t h e a x i a l s u b s t i t u e n t , i s t h e most prone t o be broken, t h u s r e l e a s i n g t h e H-Me
2,4 d i a x i a l s t e r i c i n t e r a c t i o n . P a t h 2' s h o u l d be t h e r e f o r e f a v o r e d : R I n t h i s scheme an a n t i e l i m i n a t i o n i s p o s t u l a t e d . However, t h i s f a c t needs t o be a c e r t a i n e d s i n c e even w i t h t h e h i g h e s t d i a s t e r e o s e l e c t i o n , t h e above e l i m i n a t i o n process would be o f no v a l u e i f i t i s n o t o f p u r e S J J o r a n t i t y p e . To g e t more i n s i g h t i n t o t h i s & -e l i m i n a t i o n process a v e r y c l o s e r e a c t i o n was examined, vi.5 the c a r b o c u p r a t i o n o f p r o p a r g y l i c e t h e r s
( r e f . 22). These compounds a l s o undergo a d d i t i o n o f organocopper reagents t o a f f o r d an a l k e n y l copper i n t e r m e d i a t e , which a l s o c o l l a p s e s i n t o an a l l e n e . The r e a c t i o n proceeds i n t h e same manner w i t h a G r i g n a r d reagent and a c a t a l y t i c amount o f copper h a l i d e (ref.17,.
23) :
chem y i e l d 95% opt. y i e l d Both r e a c t i o n s g i v e t h e same c h i r a l a l l e n e o f 2 c o n f i g u r a t i o n when s t a r t i n g w i t h a p r o p a r g y l i c e t h e r o f J c o n f i g u r a t i o n . T h i s r e s u l t i n d i c a t e s t h a t t h e 8 -e l i m i n a t i o n process i s o f anti t y p e and i t o c c u r s with a v e r y h i g h s e l e c t i v i t y .
Assuming t h a t w i t h p r o p a r g y l i c c h i r a l a c e t a l s t h e e l i m i n a t i o n f o l l o w s t h e .same way, we r e a c t e d them w i t h Me CuLi. However, t o o u r s u r p r i s e , t h e i n t e r m e d i a t e l i t h i u m a l k e n y l c u p r a t e b e a r i n g a c y c t i c a c e t a l d i d n o t e l i m i n a t e even a t r e f l u x temperature (+35OC). The e l i m i n a t i o n p r o d u c t , t h e a l k o x y a l l e n e , was o n l y o b t a i n e d upon a d d i t i o n o f a Lewis a c i d , BF3. E t 2 0 Me2CuLi + --(4 Et20 BF E t 0 r*<o> d.e. 20% +Ie On t h e o t h e r hand, t h e c a t a l y t i c process (RMgX + 5% CuX) d i d p r o v i d e t h e expected a l k o x y a l l e n e s , i n q u a n t i t a t i v e y i e l d b u t a l s o w i t h a low d i a s t e r e o m e r i c excess (same major isomer as above). l n f a c t t l i e d.e. i s h i g h l y dependent on t h e s i z e o f t h e r i n g o f t h e a c e t a l , and a l s o on t h e t y p e of s u b s t i t u e n t s on i t (see t a b l e 1 V ) . Dioxolanes a r e c l e a r l y s u p e r i o r t o dioxane i n t h i s r e a c t i o n (compare e n t r y 25 w i t h a l l o t h e r s ) . The n a t u r e o f t h e d i o l used as c h i r a l a u x i l i a r y i s a l s o i m p o r t a n t and c y c l o h e p t a n e d i o l ( e n t r y 29) o r c y c l o o c t a n e d i o l ( e n t r y 30) seem t o be among t h e b e s t examined t h u s f a r ( r e f . 24).
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The degree o f t h i s d i a s t e r e o s e l e c t i v i t y seeins t o depend a l s o upon t h e n a t u r e o f t h e o r g a n i c group o f t h e o r g a n o m e t a l l i c reagent. Another f a c t o r which has t o be t a k e n i n t f 5 a c c o u n t i s t h e known tendency o f c h i r a l a l l e n e s t o be racemised by organocopper reagents . lndeed i n t h e r e a c t i o n shown i n e n t r y 2 6 , t h e d.e. dropped t o 12% a f t e r l e t t i n g t h e r e a c t i o n s t a n d o v e r n i g h t a t room temperature. We found t h a t t h i s r a c e m i s a t i o n i s p a r t l y suppressed when t h e copper reagent i s complexed w i t h
The d i a s t e r e o s e l e c t i v e 6 -e l i m i n a t i o n can a l s o be examined i n t h e t o t a l absence o f copper m e t a l from an a l k e n y l i o d i d e prepared a c c o r d i n g t o r d o n n o r l i q a n d s such as P(OEtI3 (see e n t r , i e s 27 and 3 0 ) .
Metal-halogen exchange with t B u L i a t t o r d s an a l k e n y l l i t h i u m reagent, which a l s o h -e l i m inates t o g i v e an a l k o x y a l l e n e , o f t h e same s t e r e o c h e m i s t r y a s t h e one o b t a i n e d t h r o u g h t h e copper c a t a l y s e d process.
The r e s u l t s shown i n t a b l e V i n d i c a t e t h a t t h e b e s t d.e. a r e o b t a i n e d w i t h l i t h i u m o r t h e G r i g n a r d reagents i n E t 0. D i p h e n y l e t h a n e d i o l i s t h e b e s t c h o i c e i n t h i s approach. I n THF s o l v e n t , t h e r e i s no d i a s t e r e o s e l e c t i v i t y a t a l l . The m o n o s u b s t i t u t e d d i o x o l a n e ( e n t r i e s 38, 39) is rernarquably s e l e c t i v e ; o n l y t h e u n s u b s t i t u t e d C-0 bond i s c l e a v e d . l n t h i s case a s t r o n g i n f l u e n c e o f t h e n a t u r e o f t h e i i i e t a l i s observed, Mq b e i n g q u i t e more d i a s t e r e o s e l e c t i v e t h a n L i . The a b s o l u t e c o n f i g u r a t i o n o f t h e s e c h i r a l a l l t o x y -a l l e n e s was d e t e r m i n e d t h r o u g h t h e known 
